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(54) High-purity copper sputtering targets and thin films 



(57) There is provided copper targets for sputtering 
capable of forming a deposition film with low electric 
resistance indispensable for high-speed operation ele- 
ments and also with excellent thickness uniformity, and 
such thin copper films. A high-purity copper sputtering 
target is characterized by comprising up to 0.1 ppm 
each Na and K. up to 1 ppm each Fe. Ni, Cr» Al^ Ca. Mg. 
up to 5 ppm each cartx5n and oxygen, up to 1 ppb each 
U and Th, and, excluding gaseous constrtuents. more 
than 99.999% copper. Preferably the average grain size 
on the sputter surface is 250 \im or beloWp with its dis- 
persion within plus or minus 20%. 1(1 1 1)/l(200) of X-ray 
diffraction peak intensity on the sputter plane is at least 
2.4 with its dispersion within plus or minus 20%, 
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[Background of .tfie invention] . ■ •.. -. •x •■ .c, ^:- 1... 

This invention relates to a high-p lirity copper sputtering target for the manufacture of thin film deposition-materials , 
on semicorid'uctors as in large-scale integration and relates also to a thin ihigh-purrty copper. films. of-Jow resistvrty.,.^^^^^^^ , . 

obtained bysputtering with such highijurity copper spifttering target.'-^ ^; -> p . ; ' . 

Aluminum or aiMm.nnm alloy (e.g.. silic on-containin g aluminum) has coinmoniy been us ed as a wiring m aterial fa^ k 

semiconductor integrated circuits and the likeJ Howeverrsuch^materials are pFesenting" pfoblems including increased - ^T', 
resistance value and electromigration of wirings due to the recent tendencies toward higher, degrees of integratcn , , 
which results further miniaturization of elements and the wirings. .There have been some attempts to replace aluminum, ., . . 
'- by-a refractory metal such as molybdenum-ortungsten^ but their greater-specHic resistivites,are a.d^ -- .^^^--^ 

Attempts have alsobeen made to usecopper in place of aluminum to take the advantage of Its lower.resis^^ ,, 
greater resistance to electromigration. Nevertheless, pure copper can hardly be employed as a -.viring material because,, , ^ 
15 it easily oxidizes and is highly reactive with silicon and silicon dioxide films. In the research fcr_ths development of cop-,, ., , 
per wiring materials, therefore, emphasis has been laid on an improvement in the oxidation resistance of copper by me 
controlled addition of another specific element or elements. Most of the researches are directed coating of me . .., , 
resulting thin film wKh an oxide (or nitride) of ttie added element so as to prevent further oxidation of the film under the 

20 For example. Japanese Patent Application Kokai No. 64-59938 proposes a method which coreists of depositing a 
wiring pattern of an alloy of copper and at least one element chosen from among Ti. Zr. Al. B. and Si. and annealing the ..^ 
deposited wiring pattern in a nitrogen-containing atmosphere whereby a substance that forms the alloy with copper e 
diffused over the surface to form a nitride barrier. . . J „ ■'Zj^^^^'ni^-6i^''^^ 

Patent Application Kokai No. 6-1 771 28 discloses a thin film wiring matenal of a copper alloy containing 0.02-20 ^ 
25 atom% Al or Si. The alloy is oxidized to form an oxide-f ilm in which Al or Si is diffused and concentrated on the winng ,; . 
surface so as'to enhance the oxidation resistance of the surface. , ;. ' ■' C 11 ijii ,.i ■ 

A major problem common to the abovementioned methods is an increase in electric resistance by the addrtion of 
another element. An increased electric resistance retards signal transmission and adds to tho power consumption^^. , . . , . 
this reason it has been necessary to put an upper limit to the proportion of the addrtional element so that the etectnc . .... 
30 resistance is as low as that of pure Al. i.e.. 2:7 ^ n • cm or less. ? j- . ^ - ^j-^J-ZMi^^ ' '^ 

As noted above, the efforts to make use of copper as a wiring material havedepended largely upon the addrtion of 
a specific ^el^ment and feW attempts have been made to use pure copper itself. However, the reperit progress .n device., , 
structures and barriW materials' are altering the situation. For one thing. Xmodem technologi^ .nclud.ng_ chemical,. 
mechanical polishing (CMP) have simplified device construction and enabled the use of devices wrth seemingly low o)^-. , ; 
35 dation resistance accbrding to ordinary standards.- For the other, the development of new banier materials exclusively , . 3 ,; 
designed for copper has raised pure copper to a level high enough for practical use as a wiring material ,„ , . - ; , . 
Under these circumstances the wiring deposition of pure copper that bad been regarded, as almost impossible.is. 

now rapidly gaining practicality. ' ' - . ' .= *^u;W«.tiji;V 

In redlity; hbwever. the past scanty Research on wiring deposition of pure copper has given littie impetus to*e study.ny,, 
40 of the conditions required of copper wiring material, especially as a material for sputtering.targst, It should be Flirted.,. . ..^ 
out. above all; that no copper sputtering target has been developed which has low enough ^ = hi; 

element that jSerforms high-speed operation for a computer or the like and which is capable of. forming a th«i fUnj wi^h . 
excellent thickness uniformity.-' .'■ / '''''^^'J ''}'■''''' /■ • '■ • ■ ' v^■ ' ,jrjq:.-!; 

45 [Object of the invention] . " -x; ; ■. -■ .x ..^ .: t', :; ? c; g-iC': 

It is an object of the present invention to provide copper sputtering targets capable of forming wiring depositipri;;;. : 
films having excellent thickness uniformity as well as the low electric resistance essential for high-speed operatiori ^^e-..^. . , . 
ments and also provide such thin copper films; , : . - -i : - 
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[Summary of the invention]"- - : -" : - ; - t^- ... '; ,.; 

" After an intensive research, the present inventors. have now found..that..in.order to produce a^ilm of low enoqgh .; 
electric resistance, the impurity conteiits in the target must be kept below certain numerical . ^^=„^1^^^ 

found necessary to limit down to certain levels the proportions of the elements that have been added for alloying pur-, , . 
poses and. if the uniformity of film thickness is to be attained; the dispersions of grain size and crystalline orieritation.m^, . 
the target must be controlled;- "■ •• ••' "•■ f - •:■ ;-r;:;:--:;pi o; -i..-;';;o;>; 

On.the basis of these findings, this inventionprovides:.'.'; .- i ic 'i-: v; .'Ir-f; {..>.: c;^:.•r■•■■!;,i,•, 
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1 . A high-purity copper sputtering target characterized by comprising up to 0.1 ppm each Na and K, up to 1,gpm, 
each Fe. Ni. Cr. Al, Ca, Mg. up to 5 ppm each carton and oxygen, up to 1 ppb each U and Th. and. exdudi^'gas^ 
eous constituents, more than 99.999% copper. * v . _ ^ . : 

2. A sputtering target according to 1 above wherein the average grain size on the sputter surface is 250 or below . 
5 and the dispersion of tfie avei-age grain size from location to location is within plus or rninus 20%/ ^-r :'' 

3. A sputtering targetaccording to 1 or 2 abovet wherein the ratio. 1(1 1^) /, 1(200). of the X-ray diffractijOh p^ak inten- 
sity 1(1 1 1) on the (111) plane to the X^ray diffraction peak intensity 1(200) on the (200) plane is at Teast 2/4 and the . 
dispersion of the ratio 1(111) /l(200) in the sputter surface is within plus or minus 20%. ^ ^ 

4. A sputtering target according to any of 1 to 3 above wherein X-ray diffraction peak wdth at half height in the sput- 
10 ter surface onthe(1 11) pianeis 26^ 0.3 deg.^v : , . ^ ^ : - . 

5. A sputtering target according to any of 1 to 4 above wherein it also contains up to 5 ppm each Si. Ag. Ti, Zr, Hf, , 
and B. -h^v-.i:: i ^ .--rr .a^^K , j ' --^ - 

6. A sputtering target according to any of 1 to 5 above wherein it has an electric resistance of 1.9^ Q • cm or less. 

7. A thin high-purity copper film characterized by an electric resistance of 2.0^ O • cm or less produced by sput- 
75 tering with a high^purity copper sputtering target according to any of 1 to 6 above. / . \ . 

Brief explanatiprTbf the drawinig >^"^v-:> - vr . ^ - ^ ^r^^ , .^..^^ . . , _ ^ ^ 
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FIG. 1 is a schematic view of a target, showing points of sampling for the investigation of its characteristics. 
Embodiments'of the irivertticn - ■ ' ■ ; . i ti ' ? -^c^ :r. ^ - ^ - a:^^ - ■ 



The invention will now be described in detail. : .r . n # * ,r;™->^ 

The high-purity copper sputtering target of this invention has an impurity content reduced to a minimum.:!, ^ 
25 In order to ensure the reliability of performance of a semiconductor device formed by sputtering, it is importeijt to J ; 
minimize the proportion of impurities deleterious to semiconductor devices. Particularly deleterious impurities Indiide: ^ I ; 

(1) alkalirrnetai elements such as Na and Kr ^^n- ar. j ; . - : n-. .^^^ ^ 

(2) radioactive elements such as U and th; and ^ * ,v' T;-,:^ - ::i i ^ v- ,^ . .. - ^ t u : 

30 (3) transition metal elements such as Fe. Ni, and Cr. .^^^ri m ^iv - r ii % s. . - ^ 'j - f r.^ rj^ t r-^ifr' 

Alkali n^Staf elements sljch'as^Na and K are especially diffusible and migrate easily through a insulation f ilrn.pitfi ^ -^4^^^ 
the possibilitylDf cSdsing deterioration of MOS-LSI interface characteristics. Their, proportions, therefore, shouid.b^m^ . . " 
ited to at most oVt^ppm eacK^ preferably 0.02 ppm each, sr-, U r-r- -^v i-- r - - - .,,t,^-^^^ -., . . ... 

55 Radioactive elements such as U and Th emit alpha rays which can be responsil^le tor soft errors of semiconductor , \ 
elements. That is why their proportion should be severely controlled, to \ppbor less, preferably to O.5 ppb or less,.MCh. ;, ^ 

Transition' metal elements such as Fe, Ni; and Cr too can cause troubles of interface connections. Hence theirpro-. . ^ 
portions should be 1 ppm or less, preferably 0.1 ppm or less. each. .^ -^ , . 

Besides thes^ 'eiements, particularly those harmful to semiconductor elements, other impurities must also be.min- , ' 
40 imized. Geftet^lly. electi-ic resistance is a furiction of tiie impurity level and the smaller the impurity content the lower the . . 
electric resifetknce^ Thus, in order to lower tiie electric resistance, a higher purity is desirat>le. When the actual cc»t of ^ ' 
producing a'fe^uttering target and' otiier considerations are taken into account, it would be of great practical value to cori- 
trol the impurity level so that the resulting tiiin film shows ah electric resistance below 2.0 ^ Q • cm. . ^ . 

Thus not only tfie heavy metal elements but also such light metal elements as AI, Ca. Mg nuist be reduced In pro- 
45 portions, to 1 ppm or less, preferably 0.1 ppm or less, each. - .. , - 

Gaseous ingredients such as carbon and oxygen too are undesirable in tinat tiiey increase tine electric resistance 
of the resulting film and have adverse effects upon the surface configuration of the film. TJie carbon isjncluded herein . ^ 
as a gaseoQs ingredient since it is a gasifiable ingredient. Their contents should be kept to 5 ppm or lesSi preferably 1 „ ^ 
ppm or less, each. r i ^ ' . . 

50 Research has suggested tiie desirability of minimizing also the proportions of Si. Ti. Zr. Hf, B, and Ag tiiat have 

been often added as alloying elements, for the sake of reduced electric resistance. Their proportions should be 5 ppm , ^ 
or less, preferably 0.5 ppm or less. each. 

The overall copper purrty.-e^cluding the gaseous ingredients, should be at jeast 99.999%. -.^ . »\ . 

For th^' uniformity in tiiickness of the film that is formed by sputtering, it is essential to restrict the dispersions of the ; . . 
55 crystalline gi-ain size and orientation of the target. ^£ "^'t - j..^- ^ ^; i;: ; ^ ^ ^ : . 

As for* the' grain size, both the average grain size in the sputter surface and the variation of the average grain size _ 
from location to location influence the uniformity of film tiiickness. If the average grain size is greater than 250 ^m. it is j ^ 
no longer possible to limit tiie average dispersion of film thickness on an 8-in. wafer to 2.0 or less. A locational variation . , 
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in excess of 20% is undesirable either, because the average dispersion of film thickness , exceeds 2.0 even thcKjgh the , 

average grain size is below 250 psrx. Thus, an average grain size in the sputter surface of. 250 ^im or below an^i a lo^- ; 

tional variation in the average grain size of not exceeding plus or minus 20% are requisit'es for the realization of fBm 
: thickness uniformity. "j.-.-:^. 'vjI;: 

5 ' On thelother hand, crystalline orientation too has similar influences upon the uniformity of film thickness, the Joint 

Committee of Power Diffraction Standard (JCPDS) .reports that a wholly:randpm orientation: gives an. X-ray, diffraction..^.- .-3 

peak intensity 1(1 11)/l(200)'= 2.08. Investigations by the present inventors, hov/ever, have revealed that intensified driv^ , , 

entation in the (in) plane rather than wholly rarvjom orientation produces .better film thickness uniformity: Jhe reason^ , \. 
'•■ is as follows. ' "■■> . •'■ . * ^--"r 'K>i. 3: : t-'t-^-^'-'v:. :y/^- -. 'Vs"" • I: . ■■ 

w The sputtering rate depends on the plane of orientation. The sputtering rate thus varies from location to location ^ , 

where the orientation is at random, resulting in less uniformity of film thickness than with.the orientation Jn a specific^ , . 
— --plane.-ln-the case of copper, the (4 11) plane is^he.densest.of its.crystal^ 

tered atoms released is higher than in the other planes, leading to superior film thickness uniformity. 

An average dispersion of film thickness of 2.0 or below can be realized when the ratio, l(111)/l(200). of the X-ray ^ 
15 diffraction peak intensity 1(1 11) on the (1 1 1) plane to the X-ray diffraction peak intensity 1(200) on the (200) plane is at 

least 2.4 and the dispersion of the ratio 1(1 1 1)/l(200) in.the sputter surface is .within plus.or mjnus 20%, , ... ^ . - 3 
A work deformed layer of the target surface is another factor influencing the film deposition characteristic. The term ^ . 

"workdeformed layer of the target surface" is used to mean a layer of the target surface with fractured crystallinity, or ; 

microcracks and other flaws formed under the pressure of a cutting tool during machining (usually on a lathe). The pros- 
20 ence of a work deformed layer is known to have unfavorable effects; e.g., instable deposition rate, increased filni resist- , ... p^ . ; 

ance. and inadequate film thickness uniformity. These effects can be avoided by presputtering the work deformed layer 

immediately before ordinary sputtering. The present inventors have improved the film deposition performance, by :;-,.v 

machining each target in such manner as to minimize its deformed layer., Sirice the presence of a deformed layer ... 

expands the half width of X-ray diffraction, the jDresent inventors estimated the volume of the deformed layer preswit . .t . , . 
25 from the X-ray diffraction peak width at half height It has been foundas a result that, if a favorable deposition perlbrmv 

ance is to be secured, it is necessary that the X-ray diffraction peak yvidth at half height in the. sputter surface on the : ^ „ : 

(1 1 1 ) plane be 26^ 0-3 deg. 

Such:a high-purity copper target with a; minimized J mpurity contentand outstanding film Sickness uniformity 

described. above can.be iriadeJn the follow!ng;way:iV i:.^^t - rH':^.: - 

30 Ordinary electrolytic copper is electrorefined in a bath of. sulfuric acid or nitric acid, to reduce .the impurity content.^., : 
and attain a high-purity level of at least 99.9999%. The copper is then vacuum induction melted and a high-purity cop- ' _ 
per ingot is obtained. The ingot is hot worked by hot forging, hot rolling, etc.. cold worked by cold rolling. ^cokifoi^g,.^-.,^^ 
etc;.. and then heat treated; Hot working to a working ratio of 50% or more, cold working to a ratio of over 30%. a^ 
treatment at 350-500*»C fdr.1-2 hours are desirable^ The hot^working: is indispensable for destroying the cast .structure , .; . 

35 and refining and adjusting the ingot to a structijre of equiaxed grains. Once the cast structur^e has been. destroyed; . ^ . 
working and heat treatment are carried out under strictly controlled conditions to refine.tiie grain size and control the : 
. crystalline orientation. The cold working ratio influences the grain size after the heat treatment, and the greater th^_. ..^ 
working ratio the finer will be the grains to be obtained. It is effective too in attaining a crystalline orientation as desired. 
Meanwhile; the material begins to harden owing to work hardening as the working ratio, increase. -The. hardening , ..^^ 

40 beyond a certain level can cause cracking during the course of working. F=^or these reasons the cold wprl^ng ratio sNxilcl, , | 
be at most about 90%. The temperature and time for the heat treatment have certain bearings upon the grain.size,after, 
recrystallization. Proper choice of heat treatment conditions renders it possible to obtain a copper plate having a 
desired grain size. A too low temperature should be averted because it would effect insufficient.recrystalljzation^a^^ 
produce a structure not thoroughly freed from working strains. Too high a temperature, on the otiner hand, induces grain 

45 growth which coarsens the crystal grains. The time for heat treatment has a less significant influence on the structure 

. and, taking the productivity into consideration, a duration of one or two hours is adequate. . . ;y •- ■y^ ; 

Following the heat treatment, the copper plate is lathed or.otherwise machined to a target shapa^The machinjng ^ 
conditions must be carefully controlled since they dictate the formation of a deformed layer in the final product. Recom- 
mended lathing conditions are: turning velocity. 40-80 rpm; cutting tool feed. 0.1-0.2 mm; and depth of cut. 0.1:0.2 mm,^... , , 

so Machining conditions are correlated with productivity, and high-speed operation is beneficial for productivity out can ' 
lead to the inclusion of a deformed layer. Hence the above-mentioned conditions are desirable. The copper plate th^t 
has been machined to a desired shape is then bonded to a backing plate and is ready for use as a sputtering target. 
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[Examples] 

The invention is illustrated by the following examples and comparative exanples. , .. . . . . , • ; ^ . , - 

In Examples 1-4 and Comparative Examples 2-3. targets were made each from a high-purity copper ingot 5)lDteir^ed^ 
by.electrorefining an electrolytic copper in a nitric acid batii and then melting; by vacuum, inductioa Connpara^^^^^^^ 
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pie 1 represents a target rnade frovn a low-purity copper ingot. The targets were in the form of a disk each, measuririg . . . ^ ; •, " 
12.98 in. iri^ian^teierarxi 6.35 mrnttik^- t.- . : - ' - . ^ ' 

(Example 1) Target A 

Electrqiylic copper vN^s''6lecVb^ in a nitric^acid bath with anode and cathode separated by a partition fijm^and . T. 
was vacuum melted to make a highii^urity copper ingot (157 mm dia: and 60 mm thick). The ingot was heated to^600*C \'' < 
and hot forged to dimensions 1 90 mm dia. iand 40 mm thick. It was again heated to 600**C and rolled to 265 mm cfia. 
and 20 mm thick. Following this, it was cold rolled to 360 mm dia. and 10 mm thick and then heat treated at 40<y*C for * : 
10 one hour. The work was lathed to a disk shape 12.98 InV dia. and 6.35 mm thick, and the disk was bonded to a backing ^ r.: 
plate to complete a target. The conditions for lathing were: turning velocity, 70 rpm; depth olcut, 0.15 mm; and djtt'ng . . 
too! feed. 0.12 mm.' - ^'^^ ^ ^ - ■ \ - ■ ' : .f.'.:-c 

(Example 2) Target B- f^'"^'-'^^ ^ ^ ^ - : - ^ % 

The same ingot as used in Example'^l was hot foiled at 600*C to dimensions 300 mm dia. and 15 mm thick and. , ; 

then cold rolled'to 360 mm dia." and 10 mrh thick. The resulting plate was heat treated at 400*0 for one hour, and unde* ^ / . 
thesamecondtibnsas in Exaiiple Ifa targetwas niader r f . ; , 

20 (Example *3) targSt'C*^-''^^ '^-^ - ''^-^^ - •*'^^'"' " - - * -ins / ■ . k . 

Starting wfth' the ingot of Example 1 . the process steps of Example 1 were followed down to coW rolling, the rolled ; ; v . ir - 
plate was heat treated at 550*'C for one hour and then subjected to the s;ame machining conditions as in Exarnple ,1,to ■ 
make a target.;^' '\ y--" - ■ ^ ' ; : - ^t,- .. ' : '. ■ --..-L'- . - y^^r. 

(Example^4) Target D. -"^ ^ ' "^^ .-'^^ ■ ' ... — :o-r.^5^^' -j^ ^r>.i :.:.c:r^ 

The same ingot as used in Example 1 was hot forged, cold rolled, and hot rolled under the same conditions of ^te^t^^T* 
Example 1 to obtain a disk-shaped copper plate 360 mm dia. and 10 mm thick^:This copper plate was lathed at a speed ,: i -f^^^^^fe 
30 of 70 rpn{^ ofdepth of 0.4 mm arxi tool feed of 0:3 mm to the shape of a target: ^ , ^ . i.. . . j : . ^ ^is < -r^^^" 

(Comparatiyfe;i|x^7pie 1) Ta - :r. ,v . * .-^ : J^ t-b-^^^' ; .h-^,..^^,. ^* ^.^^ ; . : 

From^a'copperThgof obtained by Wcuum induction melting an electrolytic copper with a purity of 99.95%.. a target, . r^^.^r^ 
35 was mad^foilowing exactiy the ^ameprocess Steps as used in'Exan^^ l-.:^,. ^p: ^r'^'^^-^ 

(Comparative'Example 2) Target F* ^^''^^ ' - j : - ^^i; . r \. ^ : - ^\ / 

The ^Pne in^ot of the 99.95%; purity as used in" Comparative Example 1 (157 mm dia. and 60 mm thick) was hot „ r ^ # 
.40 rolled at 600**Cto'a size 360 mm dia. and' 10 mm thick. -Without a sul>sequent heat treatment, the work was lathed under^ . -^a^ 
the samejcohditions asi^in E^ • . . - ^../^r: : :■: j; — : - 

(ComparSivfe^xample 3) Target Ca*^*^'-- ' '. ^^ r.^n? . .f. . ,f ^ ^-j . r. 

45 TTie fh^btWthe 99.95% p^ (157 mm dia. and 60 mm thick) was hot roiled , 

at 600*»Ct9 dimensions 265 mm dia. and 20 mm thick and then cold rolled to 360 mm dia. ard 10 mm thick. Wrtho^^ * j r 
heat treatniteht but under t^^^ v ; 



Quantities' of ihldurities , ' ^ . ^ . : ^ v ; - : : . : : ..-^ ^ v - ^ ^ s - ... 

The quantities of in^urities are Hsted in Table 1. " ; ,^ • r 'C « -c ' ; ^ i. : 

Target characteristics 

55 The above-mentioned Targets A to G had grain sizes with dispersions and diffraction peak intensity ratios of the 
(111) plane and the (200) plane with dispersions as shown in Table 2. - £ vs .-'^^ ^H-n^T^-^, v . 

For the meaisuferhents of each target, samples were cut out from a total of 9 points shown in FIG. 1. Grain siz^ 
were detVmihed by the scission method stipulated in JIS (Japanese Industrial Standards) H5pi . . r - , i j r 
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Film deposition test 

Each of Targets A to G was used to deposit a film on an a in. ^ia:! Si substrate at an Ar gas pressu/.e of 5 .mT^^^ 
sputter power of 3 kW. and substrate-target distarxa of ^ mm. ^ of the hlm 

thickness distribution were evaluated. ■ . ; ' . . s o^i i ■ Oj^ ' ' i^^o?/ 

Table's shows resistivities, thickness distribution dispersions.' and film thicknesses necessary, for dummy runs. By 
the film thickness for dummy run is meant the film thickness accumulated on the wafer till the film thickness distribution 
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Target 


Unit 


Ex. i A 


Ex. 2 B 


Ex. 3 C 


_ „ r> 


Pnmh '1 

' ■ , li . ' ' . 


Comn ' tx 2 F 


Comp, Ex. 3 G 


. 


Na 


ppm 


0.005 


0.005 


0.005 


U.UUO 




0.04 


0.04 




K 




0.005 


0.005 


0.005- 


u.uuo 


n n*5 


0.05 


0.05 








0.03 


0.03 


0.03 


u.uo 


n Q 


0.9 


0.9 




Ni 




0.008 


_0.008 


0.008 


O.UUo 




1.0 


1.0 




Cr 




0.002 


0.002 


0.002 


A AAO 


n 1 

U.I 


0.1 


0.1 




AI 




0.04> : 


, 0,04 ^ 


0.04 


, f\ AA 




0.05 i 


- 0.05 


■■■ ■f';; 


Ca 




0.02- 


' 0:02 r 


' 0.02 


A AO 




0.2 


. 0.2 . 




Mg 




0 01 


0.01 


0.01 


0.01 


2 ; 


2 






C , 




-0.05 : 


0.05 ; 


005 ^ 


0.05 






.... 




O 




1 ; 


1 


1 


1 


4 


. 4 


4 




Si 




0.1 ' 


0.1 


0.1 


0.1 


5 


-5 ' 






Ag 




7Tp.2- ; 


j: p.2 






t;;;:\i5 


■■■15*-/"' 


3 7' --15 




Ti 




0.03: 


0.03.. 


0.03 


0.03 






. a-- 5 




B 




0.004 


0.004 


0.004 


0.004 


0.6 


0.6 


0.6 




Zr 




0.02 


0.02 


0.02 


0.02 


7 


7 


7 




Hf 




0.006 . 


,^ 0.006 


0.006 


0.006 


0.9 


0.9 


0.9 




U 


ppb 


0.1 


0.1 


0.1 


0.1 


1.8 


1.8 


. 1.8;^ ,w.. 




Th 




0.1 


0.1 


0.1 


O.V 




; 1.6 


- .-^ :i.6^;:=^v:n- 





45 



50 



55 
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[Table 2] 



10 



15 



20 



35 



Target 1 1 t 


Ex.^ 1 A 


Ex. 2B 


:Ex/:3C, 


Ex 4 0 


Comp. Ex 1 E 


, Comp. Ex. 2 F 


Comp. Ex J3G 


Grain sizeXnm) 




200 


460^ . 


150 


120 


250 V 




Dispersion of 
average grain 
size (%) 


t .±14.., 


fn ±19 V 


±28 


: ±14 


r r; ±18 , 


J ±20 ^ 




l(111)/l(200) 


5.2 


2.5 


4.8 


5,2 






' ^ 0.5 


Dispersion of 
peak intertsity 
ratio(%) 


±11 


±19 


±14 


±11 


±13 


±25 


±21 


Half width (deg)^ 




P-20 _ 




_ 0.34 


q .J T 


0.17 


0.17 



* ComparalK/e Exampte 3 irwplyed np^^^^^ size a ndt he dispersion of avOTge grain size 

could not be measured. -j -^''l.. I ■ - "'.^ | '^Xj-^- j "'Vu.rj'- : ■ ■ ' I . . uV 





i 


. / 1 






[Table 3] X . : ' 








Target 


:Ex. 1 At 


Ex 2 B 


Ex3C 


Ex. 4D 


Comp. Ex. 1 E" 


Comp. Ex. 2 F 


Connp. Ex. 3 Q 


25 


Resist'y Qi O 

cm) - — 


7 "l 85 " 


" 1.85 


1.85 


v1.85 


2.2 \ " 


2.2 , 


2.2 

' ' 'W ■ ■ ■ ' 




Thickness dis- 
tri.dispn o(%) 


1.5- , 


- 1.8 ^ 


2.3-. 


1.5 


1.5.- 






30 


Despositipn 
thickness neces- 
sary fordurnmy - 
run* (uml. 


3 

.- 


5^ 


3 


'15 


■ i 

i 'J I 




J.- . , 

' ■ . -i 



• The thickness for clummy;runrnearK thedepcxition film thjckne to be accumulated untilthe dispersion of the farri .. 

thickness distrtoutton reaches the value given in Table 3. ^ ^ . c * ^ i : f: 



Ait. 



40 



45 



50 



55 



(Results) ; ^ L ^ ^ ' - ■ ^ " ,1 

The f ifmc forrtied using the high-purity copper sputtering targets according to the invention had very low resistivities 
of no more than 2fi n • cm.j^ i ' : \ .\ : 

Excellent uniformity of film thickness distribution was' exhibited by .the films formed with the targets having an aver- * 
age grain size of 250 |xm,or less, grain size dispersion within plus or minus 20%, X-ray diffraction peak intensity ratio,„ 
1(1 1 1)/I(200), of no less than 2.4, and peak intensity ratio dispersion within plus or minus 20%. 

It was confirmed that the film thickness necessary for a dummy run may not be great when the fflm is deposited 
using a target with a peak width at half height in the (1 1 1) plane of less than 0.3 deg. 

[Advantages of the inventkjn] 

The high-purity copper sputtering target according to this invention is capable of producing a copper film of 
extremely low resistivity of no more than 2 ^ n • cm and outstanding uniformity of film thickness distribution. Moreover, 
the film thickness of dummy run at the time of sputtering can be decreased. 

Generally, there is a relation 

' R = ^ • lys 



where R : resistance, 

^ : specific resistivity. 



BNSDOCID: <EP 08828 13A1J_> 



EP0 882'iB13Ai"'^'^''*^' - 

. L : length, and : ' 

, S : cross sectional area. . 

> Thusjnthecaseofa filmwitha resistivrtyof nomorem^^ . made In conforriiity with this invention, 
5 resistance can be kept low even after wire thinning. 

■ Also, a relation ■ ; :'- " . ■ ' ' 

' :• • y-- . Q=:i^ * R ■ ' 

10 where Q Joule heat, arxJ 

I: current' .- , / ■ : 




15 

Joule heat by about 10%. . ■ ^ 

Its low resistivity reduces the delay of signal transmission and effects a saving of power consumption. ; 

. Claims"^' . .''^ .-.■'^^ \ ■ ' . .'-"x /' ■ • 

1. A high-purity copper sputtering target characterized by consisting of up to 0.1 ppm each Na and K. up to 1 ppm 
each Fe. Ni. Cr. Ai. Ca. Mg. up to 5 ppm each cartoon and oxygen, up to 1 ppb each U and Th. and. excluding gas- 
eous constituents, more than 99.999% copper. , s 

25 2: Asputteringtargetaccordingtoclaiml wherein ^e average grain size on the sputter surfaceis 250 , mi ^ 
and the dispersion of the average grain size from locati^^ 

3 A sputtering target according to claim 1 or 2 wherein the ratio. I(111)/l(200). of the X-ray diffraction peaklrrter^. 
Kl'Conth^^ 

30 persionof the ratio l(111)/l(200)inthesputtersurfaceiswithin plusorminus2^^ • --^-.J^^- -/-i 

4. A sputtering target according to any of daims l^to 3 wherein X-ray diffraction pe^k width at half height in th^ sputter 
surface on the (1 1 1) plane is 20 ^ 0.3 deg. / 
35 5. Asputteringtargetaccording.toany Of daims1to4 Wherein italsocontains up toS^^^ 

' 6. A sputtering target according to any of daims 1 to 5 wherein it has an electric resistance of 1 .9n n ^,cm or less. ; 

40 7/ Athinhigh-puritycopperfilrfScharacterizedbyanele^^^^ 

with a high-purity copper sputtering target according to any of claims 1 to 6. 



45 



so 



55 
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